Two Gram-staining-negative, aerobic, non-motile, red-pigment and rod-shaped bacterial strains, designated RSP19
novel species of the genus Pedobacter, for which the name Pedobacter alpinus is proposed. The type strain is RSP19 T (5CGMCC 1.14040
The genus Pedobacter, a member of the family Sphingobacteriaceae, was first established by Steyn et al. (1998) with the reclassification of two species of the genus Sphingobacterium as Pedobacter heparinus and Pedobacter piscium. At the time of writing, there are 48 recognized species with validly published names (www.bacterio.net/pedobacter.html). Members of the genus Pedobacter have been found to inhabit a wide variety of environments, even the Antarctic area. The first psychrotolerant species of the genus Pedobacter, Pedobacter cryoconitis, was isolated from alpine glacier cryoconite (Margesin et al., 2003) . Since then, several cold-adapted strains belonging to this genus have been identified in succession, such as Pedobacter glacialis and Pedobacter huanghensis (from Arctic glacier foreland), Pedobacter arcticus (from arctic soil), Pedobacter himalayensis (from glacial water) and Pedobacter nutrimenti (from chilled food) (Derichs et al., 2014; Qiu et al., 2014; Shivaji et al., 2005; Zhou et al., 2012) . The species of the genus Pedobacter are usually Gram-staining-negative, aerobic, mostly non-motile rods, positive for catalase and oxidase, with menaquinone-7 as the sole or major respiratory quinone and phosphatidylethanolamine as the predominant polar lipid. The genomic DNA G+C contents range from 33.3 to 47.4 mol% (Kang et al., 2014; Kook et al., 2014) . In this study, samples were collected from Ranwu Lake, a plateau lake in the west of China. They were serially diluted with 0.85 % saline solution and 0.2 ml of each dilution was spread on PYG (5.0 g Bacto peptone, 0.2 g yeast extract, 5.0 g glucose, 3.0 g beef extract, 0.5 g NaCl, 1.5 g MgSO 4 . 7H 2 O, 1000 ml sterile water, 15 g agar, pH 7.0) and R2A (BD, Difco) agar plates and incubated at 15 8C for 14 days. All single colonies were picked out and purified using repeated plate streaking. Strains RSP19 T and RSR28 were red colonies isolated from PYG and R2A agar plates, respectively.
Genomic DNA of strains RSP19
T and RSR28 were extracted by using the Genomic DNA Rapid Isolation kit for Bacterial Cells (BioDev-Tech) following the instructions of the manufacturer. 16S rRNA gene sequences were amplified by using universal primers 27F and 1492R (Lane, 1991) . The PCR products of 16S rRNA gene were cloned using the pGEM-T easy vector and sequenced. The full-length 16S rRNA gene sequences (1485 bp) obtained were aligned with available published sequences from GenBank and the EzTaxon-e server (Kim et al., 2012) . 16S rRNA gene sequences of the most closely related taxa were retrieved and aligned with BioEdit (Hall, 1999) . Phylogenetic analysis was performed by using MEGA 5.0 and phylogenetic trees were drawn by using neighbourjoining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) T from Japan Collection of Micro-organisms (JCM).
Cell morphology and flagella were observed by using light microscopy and transmission electron microscopy (JEM1400, JEOL; Fig. 2 ). Gram staining was performed according to the procedure of Collins et al. (1989) . Motility was determined with the hanging-drop technique (Bernardet et al., 2002) . Anaerobic growth was tested on PYG agar at 20 8C for 2 weeks using Oxoid's Atmosphere Generation System. Growth at different temperatures (4, 10, 15, 20, 25 and 30 8C) was determined on PYG agar and growth in presence of NaCl (0-5 %, w/v, at intervals of 0.5 %) was analysed in PYG broth at 20 8C. The pH range for growth was tested in PYG broth adjusted to pH 4.0-11.0 (at intervals of 0.5 pH units), using 100 mM acetate buffer (for pH 4.0-5.0), 100 mM phosphate buffer (pH 6.0-8.0) or 100 mM NaHCO 3 /NaCO 3 buffer (pH 9.0-10.0) (Breznak & Costilow, 2007; Yumoto et al., 2004) , respectively. Catalase and oxidase activities were determined by using 3 % (v/v) H 2 O 2 and Bactident Oxidase Strips (Merck), respectively. DNase activity was assessed on DNase test agar (Merck). Hydrolysis of Tween20, Tween60, Tween80, starch, aesculin, CM-cellulose, casein and gelatin was tested according to the methods of Smibert & Krieg (1994) . Other enzyme activities were assessed using the commercial systems API 20E, 20NE and API ZYM (bioMérieux) following the manufacturer's instructions. Acid production from carbohydrates was tested with the API 50CH strip (bioMérieux). Oxidation of substrates was evaluated with the GN3 MicroPlate system (Biolog). Sensitivity to antibiotics was tested on PYG plates by using antibiotic discs (Beijing Tiantan Biological Products) containing ampicillin (10 mg), amikacin (30 mg), azithromycin (15 mg), cefaclor (30 mg), cefazolin (30 mg), cefoperazone (75 mg), cefotaxime (30 mg), ceftazidime (30 mg), ceftriaxone (30 mg), cefuroxime sodium (30 mg), cefalotin (30 mg), chloramphenicol (30 mg), ciprofloxacin (5 mg), clarithromycin (15 mg), clindamycin (2 mg), doxycycline (30 mg), erythromycin (15 mg), fleroxacin (5 mg), lomefloxacin (10 mg), minocycline (30 mg), netilmicin (30 mg), nitrofurantoin (300 mg), oxacillin (1 mg), penicillin G (10 IU), piperacillin (100 mg), rifampicin (5 mg), sulfamethoxazole (1.25 mg), tetracycline (30 mg), tobramycin (10 mg) and vancomycin (30 mg).
Detailed characteristics of strains RSP19 T and RSR28 are provided in the species description, and differential characteristics with other species of the genus Pedobacter are summarized in Table 1 .
T and RSR28 was extracted and DNA G+C contents were determined by HPLC (Mesbah et al., 1989) , were grown on trypticase soy agar (BD, Difco) at 20 8C for 72 h. Cell masses were harvested at the same exponential growth phase. Fatty acid methyl esters were separated and analysed according to the standard procedure of the Microbial Identification System (version 6.0, MIDI; GC model 6890, Agilent) (Sasser, 1990) . Peaks were identified using the TSBA6.0 database. Meanwhile, the fatty acid methyl esters were also analysed by the MIDI EUKARY method to determine the components of summed features 3, 4 and 9. Polar lipids were extracted by the procedure of Minnikin et al. (1984) and separated by two-dimensional TLC (plates coated with silica gel, 10610 cm; Merck). The separated spots were confirmed by spraying with 5 % ethanolic molybdophosphoric acid (for total polar lipids), molybdenum blue (phospholipids), ninhydrin (aminolipids) and a-naphthol (glycolipids). Respiratory quinones were extracted according to the protocol of Collins (1985) and analysed by HPLC (Wu et al., 1989) .
From the results of MIDI EUKARY analysis, the major fatty acids of strains RSP19
T and RSR28 were C 16 : 1 v7c, (28.6 % and 25.4 %, respectively), iso-C 15 : 0 (27.4 % and 26.5 %) and iso-C 17 : 0 3-OH (10.2 % and 14.0 %). These were in accordance with the closest phylogenetic neighbours and the characteristics of species of the genus Pedobacter. The fatty acid profiles of these two isolates and the type strains of related species of the genus Pedobacter are shown in Pedobacter boryungensis BR-9 T (HM640986)
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Bacteroides fragilis Results of polar lipids analysis revealed that the major polar lipids of strains RSP19 T and RSR28 were phosphatidylethanolamine, one unidentified aminolipid and several unidentified polar lipids (L1, 4, 6, 7, 8 and 9 present in strain RSP19T; L1, 4, 8 and 9 in strain RSR28) (Fig. S2) . This was consistent with the profiles of related species of the genus Pedobacter. However, the presence of unidentified polar lipids L6, 7 and 9 differentiated strain RSP19 T from its phylogenetically related neighbours of the genus Pedobacter. The sole respiratory quinone of strains RSP19
T and RSR28 was identified as MK-7, which is the major or only respiratory quinone of all other members of the family Sphingobacteriaceae (Margesin & Shivaji, 2011) . The genomic DNA G+C contents of strains RSP19
T and RSR28 were 34.3 and 33.9 mol%, respectively, which are in line with those of the other members of the genus Pedobacter.
Based on the results of physiological, phylogenetic and chemotaxonomic analysis of the two isolates, it is confirmed that strains RSP19
T and RSR28 represent a novel species of the genus Pedobacter, for which the name Pedobacter alpinus is proposed. The type strain is RSP19
T .
Description of Pedobacter alpinus sp. nov.
Pedobacter alpinus (al.pi9nus. L. masc. adj. alpinus alpine, referring to the isolation of the type strain from an alpine environment). Data are all from this study except the DNA G+C contents of reference strains (An et al., 2009; Yoon et al., 2007; Luo et al., 2010 & Zhou et al., 2012 . In API 20NE and 20E tests, all strains were positive for oxidase, catalase, ONPG and VogesProskauer reactions, and negative for nitrate reduction, and H 2 S and indole production. +, Positive; W, weakly positive; 2, negative; (2), negative but positive in literature; (+), positive but negative in literature. DR Cells are Gram-staining-negative, aerobic, non-motile rods, 1.5-2.0 mm in length and 0.6-0.8 mm in width. Colonies on PYG agar are darker red to red, smooth, convex, 0.5-1.2 mm in diameter and circular with entire margins after 4 days of incubation at 20 uC. Growth occurs at 4-25 uC (optimum, 20 uC), at pH 6.0-8.5 (optimum, pH 7.0-7.5) and with 0-2.5 % NaCl (optimum, 0-1.0 % NaCl clindamycin, doxycycline, fleroxacin, lomefloxacin, minocycline, nitrofurantoin, penicillin G, piperacillin, rifampicin, tetracycline and sulfamethoxazole/ trimethoprim. The predominant fatty acids are C 16 : 1 v7c, iso-C 15 : 0 and iso-C 17 : 0 3-OH. The sole respiratory quinone is MK-7. The major polar lipids are phosphatidylethanolamine, one unidentified aminolipid and several unidentified polar lipids (6 unidentified polar lipids for strain RSP19T, and 4 for strain RSR28).
The type strain, RSP19
T (5CGMCC 1.14040 T 5KCTC 42456 T 5NBRC 110967 T ), was isolated from Ranwu Lake of Tibet province, in the west of China. The genomic DNA G+C content of strain RSP19
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